p38 Mitogen-activated protein kinase mediates synergistic induction of inducible nitric-oxide synthase by lipopolysaccharide and interferon-gamma through signal transducer and activator of transcription 1 Ser727 phosphorylation in murine aortic endothelial cells.
Nitric oxide (NO) can be produced in large amounts by up-regulation of inducible NO synthase (iNOS). iNOS is induced in many cell types by pro-inflammatory agents, such as bacterial lipopolysaccharide (LPS) and cytokines. Overproduction by endothelial cells (EC) may contribute to vascular diseases. In contrast to macrophages, murine aortic endothelial cells (MAEC) produced no NO in response to either LPS or interferon gamma (IFNgamma), whereas combined treatment was highly synergistic. In this study, we investigated the mechanisms of synergy in MAEC. LPS activated p38 mitogen-activated protein kinase (MAPK), whereas IFNgamma activated Janus kinase and signal transducer and activator of transcription-1 (STAT1). Both pathways were required for iNOS induction because herbimycin A, a tyrosine kinase inhibitor, and 4-(4-fluorophenyl)-2-(4-hydroxyphenyl)-5-(4-pyridyl)1H-imidazole. HCl (SB202190), a p38 MAPKalpha/beta inhibitor, each blocked induction. LPS increased the phosphorylation of STAT1alpha at serine 727 in IFNgamma-treated MAEC. SB202190, but not 2'-amino-3'-methoxyflavone (PD98059), an inhibitor of p44/p42 MAPK activation, abolished the phosphorylation and induction of iNOS. SB202190 did not affect tyrosine 701 phosphorylation or nuclear translocation of STAT1. However, STAT1-DNA binding activity was reduced by SB202190. Although LPS stimulated the DNA binding activity of nuclear factor kappaB and activating protein-1, combined treatment with IFNgamma did not enhance activation, and SB202190 did not inhibit it. The results indicate that p38 MAPKalpha and/or beta are required for the synergistic induction of iNOS by LPS and IFNgamma in MAEC. Furthermore, the synergistic induction is associated with phosphorylation of STAT1alpha serine 727 in MAEC. This observation may explain potentially beneficial effects of p38 MAPK inhibitors in vascular inflammatory diseases.